Background: Clinicians' prognoses in patients with advanced cancer are imprecise. The aim of this study was to compare doctors', nurses' and patients' survival predictions and to identify factors which influence accuracy.
introduction
Patients with advanced cancer value prognostic information because they consider issues of 'preparation' to be important [1] . Accurate prognostic information allows patients to clarify their choices over future management of their illness [2] . Physicians are less likely than patients to agree with the importance of the knowledge of timing of one's own death [1] and are often reluctant to give prognostic estimates [3] .
In practice, the most frequently employed method of prognosticating is the clinician prediction of survival (CPS). This relies on clinicians' experience and is subject to cognitive bias. Previous studies have concluded that such estimates are systematically inaccurate and overoptimistic [4] [5] [6] [7] . Some studies report a 'horizon effect' where CPS is more accurate closer to death [6, 8, 9] while other studies challenge this [10] [11] [12] . There is some evidence that CPS may be more accurate with repeated evaluations [7, 10, 13] . A number of questions about which clinician-related factors influence the accuracy of estimates remain unanswered. There is inconsistent evidence that any particular discipline (i.e. doctors, nurses or nursing auxiliaries) [13] [14] [15] [16] or that different medical specialities (e.g. oncologists, palliative care physicians and general practitioners) [11, 12, [17] [18] [19] are more accurate prognosticators. Studies examining the influence of clinical experience on accuracy are also inconclusive [16, 19, 20] . One study [19] suggests that the weaker the doctor-patient relationship, the more accurate a CPS would be.
Anecdotally, it is sometimes reported that patients might have better insight into their own mortality than health care professionals. Only one previous study, to our knowledge, has examined the accuracy of cancer patients' own survival estimates [21] . As part of the SUPPORT study, patients with metastatic cancer were asked, 'What are the chances that you will live for two months or more if the current plan of care stays the same?' Relatively few patients responded to the question but those who did were found to be even more overoptimistic than clinicians.
The Prognosis in Palliative care Study (PiPS) was a prospective observational study of patients with advanced cancer no longer undergoing active treatment [22] . The purpose of the study was to develop a prognostic scoring system that was at least as accurate as clinician estimates of survival. As part of the study, doctors, nurses and patients themselves were asked to make prognostic estimates. This article reports on the accuracy of these estimates and the factors that affect the prognostic accuracy of clinicians.
methods study settings
This was a multicenter study involving 18 palliative care services across England.
patient population
Patients (both competent and incompetent) with advanced, incurable cancer, newly referred to the relevant palliative care service were recruited.
clinician prediction of survival
Clinician estimates were obtained from the doctor and/or nurse who attended the patient on the day of study entry. Sometimes, this was also the clinician with overall responsibility for the patient's care, but on other occasions, it was a more junior member of staff. Clinicians were asked to predict the survival of the patient using a categorical scale of 'days' (<14 days), 'weeks' (2 weeks to less than 8 weeks), 'months' (2 months to less than 12 months) and 'years' (≥12 months). These categories were chosen as they had most face validity among palliative care practitioners. Clinicians seldom make precise predictions and requiring clinicians to predict survival to the nearest day or week would have resulted in spuriously accurate prognostic predictions.
Researchers obtained a clinician estimate of survival independently from both a doctor and a nurse on the day of study entry. These estimates were obtained without conferring between clinicians. When the estimates agreed then this was also taken to represent the 'combined multi-professional estimate'. When there was a discrepancy between the doctor and the nurse, they were asked to discuss the case and arrive at an agreed estimate. When no such discussion/agreement took place, the doctor's prediction was used; when no doctor's estimate was available, the nurse's estimate was used. The purpose of obtaining a combined MDT estimate was to mirror day-to-day clinical practice and to provide the most demanding benchmark against which to judge the accuracy of the PiPS.
Clinicians were asked to provide data about themselves; gender, age, grade or professional level, number of years since qualification, number of years of palliative care experience, the length of time they had known the patient and the time elapsed since they had last seen the patient.
patient predictions of survival
Patients were asked to respond to two questions: procedures Eligible competent patients were identified and (with the agreement of the clinical team) were provided with information and invited to participate in the study. The relatives or carers of eligible incompetent patients were asked for assent. Participants were flagged with the National Health Service Information Centre so that the study team were notified when they died. Survival was calculated (in days) from the date of study entry.
statistical methods
The accuracy of clinical predictions was determined by examining the agreement between CPS categories and actual survival (AS). The extent of agreement between CPS and AS was quantified by use of the linear weighted Kappa (LWK) statistic. Kappa coefficients were also used to compare predicted and AS by characteristic of the doctor, nurse, multidisciplinary team (MDT) or patient. A bootstrap method was employed for pairwise comparison of Kappa coefficients. Because very few patients were predicted (or actually) survived for 'years', this category was collapsed into the 'months' category to produce a new grouping ('months+'). Wilcoxon Matched Pairs Exact test was used to test whether the doctors', nurses' or patients' estimates were more optimistic than the AS.
results
In total 1018 patients were recruited. The mean survival of the sample was 89 days, with 281 (28%) patients surviving for 'days', 337 (33%) surviving for 'weeks' and 400 (39%) surviving for 'months or more'. A doctor's survival estimate was available for 829 patients from 136 different doctors. A nurse's estimate was available for 954 patients from 280 different nurses. A combined multiprofessional prognostic estimate was available for 987 (97%) patients. Only 290 patients (28%) shared their own survival estimates with the research team.
The accuracy of doctors', nurses' and MDT estimates are shown in Table 1 . By chance alone, one would expect the prognostic estimates to be correct on ∼33% of occasions. In fact, all groups performed better than this, with the MDT estimates being most frequently accurate (57.5% of occasions) and the patients' predictions being the least accurate (52.1%). Patients' predictions were significantly (P < 0.001) less accurate than any of the clinical groups. Nurses were less accurate than factors affecting the accuracy of clinician predictions Table 2 shows the characteristics of the clinicians. A larger proportion of the doctors than the nurses who provided prognostic estimates were male (47/136; 34.6% versus 20/281; 7.1%). The mean age of the doctors was 33.1 years and of the nurses was 42.5 years. Reflecting their greater age, the nurses had been qualified for longer and had more experience in palliative care than the doctors.
Accuracy of prediction was not affected by the gender, age, grade, years of professional or speciality experience of the prognosticator or the length of time that the clinician had known the patient (Table 3) . Estimates undertaken by nurses who had last assessed the patient less than 1 day previously were more accurate (LWK = 0.428) than estimates undertaken by nurses who had not seen the patient for over 24 h (P < 0.01).
patients' estimates of survival
Overall 778/1018 (76%) competent patients were asked to describe their prognostic preferences. The majority of patients (478/778, 61%) indicated that, if the information was available, they would want to know their prognosis, 176 (23%) would prefer not to know and 124 (16%) were ambivalent (did 'not know' or 'not care' about the issue). Of those who indicated that they would like to be given an estimate of survival, 250/ 478 (52%) indicated that they would like to know exactly (to the nearest few weeks) and 228/478 (48%) indicated that they would like to know approximately (to the nearest few months or years).
Of those patients able to describe their prognostic preferences, only 290/778 (37%) had any intuition about how long they expected to live and were able to offer a subjective prognostic estimate. Of the patients who did not offer an estimate, the majority (353/488, 72%) simply 'didn't know' what their prognosis was. The remainder did not want to answer (126/489, 25.7%) or did not respond to the question (10/489, 2%).
discussion statement of principal findings
Clinicians and patients could accurately predict whether patients would survive for 'days', 'weeks' or 'months+' between 51.1% and 57.5% of occasions. Clinicians' predictions were more likely to be optimistic (31.1%) than pessimistic (11.4%).
Patients were optimistic about their own survival on 45.1% of occasions and pessimistic on only 2.7% of occasions. Nurses' predictions of survival were significantly less accurate than the MDT prediction but were not significantly worse than doctors' predictions. Prognostic accuracy of nurses improved when the time lapse since last seeing the patient was <24 h.
strengths and weaknesses
This was a large, multicenter, prospective study. Clinician prognostic estimates were available for the majority (97%) of participants, and no patients were lost to follow-up. More information about the clinicians (e.g. length of postgraduate training) or their degree of familiarity with the patients (e.g. number of previous assessments) may have been helpful in understanding the factors that affected predictive accuracy. The manner in which prognostic estimates were obtained from clinicians closely mirrored clinical practice. Most clinicians are comfortable with the concept of categorising patients by an expected survival of 'days', 'weeks' or 'months+'. Our findings therefore have face validity and are readily applicable to clinical practice.
As far as we are aware, this is the first study to have systematically asked patients for a temporal estimate of their own survival. We were initially apprehensive about including this question in our study, but user opinion was consistently supportive of this approach, and no patients objected to this aspect of the study. However, only 37% of patients who were able to offer a prognostic estimate about their own survival did so. It would have been useful to explore in more depth the understanding of patients about their own illness and the likely outcome. However, a questionnaire was not the most appropriate way to obtain such information and although a space was provided for 'comments' it was rarely used. A nested qualitative study to explore some of these issues might have been valuable but was beyond the resources of the current project, but clearly could be explored in future work.
relationship to other studies
We found that the majority (61%) of patients with advanced cancer wanted to know their own prognosis and this concurs with previous studies [1, 2, 23] . In general, health care professionals tend to be inaccurate in their survival predictions. Errors occur in both directions with optimistic survival estimations tending to be more common [4, 6, 7] . A systematic review [6] found that, in all but one of the studies identified, clinical predictions overestimated actual survival times. The results of our study concur with these findings. Approximately one-third of all estimates (31%-34%) were optimistic ( patients survived for fewer days than was predicted) and 11%-12.6% of estimates were pessimistic ( patients survived for longer than predicted). Previous studies examining the relative accuracy of doctors' and nurses' survival predictions reported that there was little difference in their ability to estimate survival in patients with advanced cancer [14, 15, 17] . A similar lack of interprofessional difference in prognostic ability has been reported in the noncancer setting [24] . In contrast, one recent study [16] found that nurses and junior doctors were slightly more accurate than consultants but that their estimates only showed 'moderate' agreement at best. Two previous studies comparing the accuracy of MDT estimates with uniprofessional estimates both found that the involvement of the MDT did not significantly improve prognostic predictions. In contrast, our study found that nurses estimating alone were significantly worse at predicting survival than the multiprofessional team.
Some previous studies have suggested that more experienced clinicians are better prognosticators [19, 20] . Recent studies have challenged this conclusion and have shown that increased knowledge and experience do not necessarily reduce the error in CPS [24] . We found no evidence to support the contention that greater experience results in more accurate prognostic estimates.
The 'horizon effect' describes the phenomenon whereby clinicians appear to be more accurate at predicting survival when patients have a shorter time to live. Studies are conflicting about whether the 'horizon effect' truly applies to CPS. Several studies, including a systematic review which pooled and analysed 1563 clinician predictions [6] , have indicated that CPS has better predictive value in the short term but is less accurate in the longer term (i.e. beyond 6 months) [6, 8, 9] . In contrast, some studies have reported the opposite effect ( predictions made, when the patient is close to death, are less accurate) [10] [11] [12] . A recent study by Stiel and et al. [25] showed that clinicians were more accurate at estimating either a good or a poor prognosis than they were at estimating an intermediate prognosis. Our own study partially supports the concept of the horizon effect. Examining the frequency tables of all clinician predictions shows that the percentage of patients whom were accurately predicted to live 'days', 'weeks' and 'months+' was highest in the 'days' category for all three groups. Clinicians were next most accurate when predicting a prognosis of 'months+', but were least accurate when predicting a midterm survival of weeks. For example, the MDT prediction was correct 87.5% (147/168) of the time when predicting a survival of 'days', 42.0% (136/324) of the time when predicting a survival of 'weeks' and 57.5% (284/495) of the time when predicting a survival of 'months'. Given that prognostic assessment is frequently concerned with identifying those patients with an intermediate prognosis (in order to allow for advanced care planning and time to set up services for appropriate end of life care) further investigation of this effect would be useful. Our data suggest that many patients who are imminently dying are unaware of (or unwilling to acknowledge) their poor prognosis [26, 27] . The overall prognostic accuracy of patients was 52.1%. However, the correct prognoses were nearly all made by patients who estimated their own survival at 'months +'. Only a very small minority of patients in the last 'days' of life accurately recognised this (2/47; 4%).
meaning of the study
Since clinician predictions are only accurate on ∼55% of occasions it may appear that they would be of little clinical utility. However, the positive predictive value of clinicians' predictions is substantially higher than this. Thus, if the MDT estimates that a patient is likely to die within 2 weeks then that prediction is correct on 87.5% of occasions. This relatively high 'positive predictive value' for an MDT prognosis of 'days' means that it is not unreasonable to use MDT survival estimates as a reliable predictor of (for instance) suitability for admission to hospice for a terminal care admission. The drawback with this approach, however, is that the MDT will only identify half (147/278; 52.9%) of those patients who actually go on to die in less than 2 weeks.
unanswered questions and future research
Further research should try to identify the factors that clinicians use to formulate their predictions so that these can be incorporated into existing prognostic scoring systems and be used to educate other clinicians about how to improve their clinical skills in prognostication.
Our study has refuted the suggestion that patients' own intuition about their survival is more reliable than the professional opinion of a doctor or a nurse. Patients' optimism may reflect the poor communication skills of clinical staff, such that prognostic information has not been adequately explained to patients, or it may represent a psychological coping response by patients to living with a life-limiting illness. Further research is required to elucidate the reasons underlying this phenomenon and whether maintaining an 'optimistic' outlook is actually beneficial to patients. acknowledgements PS, BG, VK, CT, CR, LK and SB contributed to the study conception and design. CR, MG and BG contributed to the analysis of data. All authors contributed to the interpretation of data, the drafting or revising of the manuscript and final approval for publication. PS acts as the guarantor for this manuscript.
